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FOREWORD 
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within  the  Explosives  and  Undersea  Warheads  Technology  Block  Program  PE602314N.  The  results  and  conclusions 
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INTRODUCTION 


Pre-ignition  reactions  in  explosives  subjected  to  shock  compression  are  of  fundamental  importance  to  the  study 
of  explosive  behavior.  Recovery  of  samples  subjected  to  strong  shocks  has  been  a  problem.  The  sample  must  be 
contained  and  remain  relatively  uncontaminated.  Typically,  attempts  at  recovery  have  resulted  in  the  physical 
destruction  of  the  explosive  test  samples  due  to  strong  rarefactions  and  violent  collisions  with  objects  such  as 
chamber  walls.  In  addition  to  the  recovery  of  the  explosive  sample,  some  means  of  determining  the  shock  history 
in  the  sample  should  be  available.  In  most  recovery  techniques,  the  impedances  of  the  surrounding  materials  are  quite 
different  from  the  explosive  samples  and  the  confinement  is  finite  in  size.  Both  of  these  conditions  lead  to  relief 
waves  that  significantly  affect  the  strain  histories  of  recovered  samples.  The  use  of  materials  with  similar  impedances 
greatly  reduces  the  magnitude  of  reflected  waves  within  the  sample. 

In  our  technique,  small  (usually  30  mg)  explosive  samples,  encapsulated  in  Teflon  holders,  are  subjected  to 
strong  shock  compression.  The  shock-producing  system  is  the  same  as  that  used  in  the  Underwater  Sensitivity  Test 
(UST).*’^  The  underwater  shock  system  was  carefully  calibrated  previously.^  The  recovered  explosive  samples  are 
then  removed  from  the  capsules  for  chemical  and  physical  (microscopic)  analysis.  Recovery  of  samples  shocked  to 
peak  stresses  of  up  to  26  kbar  with  pulse  widths  of  a  few  microseconds  has  been  accomplished.  The  present  recovery 
technique  is  the  result  of  a  number  of  experiments  in  which  various  degrees  of  success  occurred.  Modifications  after 
each  experiment  finally  led  to  a  reliable  recovery  technique. 
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EXPERIMENTAL  TECHNIQUE  FOR  THE  RECOVERY  SYSTEM 


Donor  and  Detonator: 

In  the  recovery  system,  the  donor  is  an  82-mm-diameter  sphere  of  cast  pentolite  (50%  TNT/50%  PETN) 
weighing  470  to  480  g.  The  spherical  charge  assembly  is  shown  in  Figure  1 .  The  detonator,  an  RP-80,  is  an  exploding 
bridgewire  type  manufactured  by  Reynolds  Industries  Systems  Inc.  It  is  7.1 1  mm  in  diameter  and  fits  into  a  46-mm- 
deep  hole  cast  (not  machined)  in  the  sphere.  The  RP-80  detonator  is  insensitive  to  static  discharge  and  requires  at 
least  a  1 .0-pF  capacitor  charged  to  2.5  kV  to  initiate  detonation  in  the  detonator.  This  makes  it  quite  safe  for  inserting 
into  the  pentolite  sphere.  A  7.0-mm-diameter  by  9.5-mm-long  pellet  of  pressed  pentolite  (density  =  1.6  g/cm^)  is 
inserted  in  the  hole  ahead  of  the  detonator  to  ensure  a  detonation  at  the  center  of  the  cast  pentolite  sphere.  (Pressed 
pentolite  is  much  more  sensitive  to  shock  than  is  cast  pentolite,  the  run  distance  to  detonation  being  negligible  and 
the  propagation  of  detonation  being  essentially  isotropic.)  The  available  space  around  the  detonator  leads  within  the 
hole  is  filled  with  C-4  plastic  explosive.  A  sealant  (Duxseal)  is  used  to  cover  the  connection  of  the  plastic  sheath, 
containing  the  detonator  leads,  to  the  pentolite  sphere. 


PLANE  OF 
TEST  SAMPLES  ' 

FIGURE  1.  SPHERICAL  DONOR  CHARGE  ASSEMBLY 
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Placement  of  Components  in  Tank: 

The  spherical  donor  is  suspended  by  a  nylon  cord  harness  in  a  cubic  tank  of  water,  60  cm  on  an  edge.  The 
harness  is  attached  to  an  aluminum  supporting  frame.  The  test  samples  enclosed  in  Teflon  are  mounted  in  thin-walled 
steel  tubes  which,  in  turn,  are  fastened  to  the  aluminum  frame  by  Plexiglas  holders.  The  donor  is  positioned  in  the 
tank  so  that  the  detonator  axis  is  normal  to  the  plane  in  which  the  test  samples  are  usually  placed.  This  orientation 
reduces  irregularities  in  the  shock  front  since  the  arrival  of  detonation  at  the  donor  surface  is  observed  to  be  more 
symmetrical  in  planes  normal  to  the  detonator  axis.  The  Teflon  capsules  are  oriented  so  as  to  present  the  flat  ends 
toward  the  center  of  the  spherical  donor  to  ensure  as  close  to  one-dimensional  loading  of  the  sample  as  possible.  The 
explosive  test  samples  are  set  at  different  distances  from  the  donor  to  obtain  various  input  pressures.  The  sketch  in 
Figure  2  shows  the  general  arrangement  of  the  donor  and  four  capsule  holders  within  the  tank  of  water.  More  test 
specimens  can  be  added  to  the  arrangement  as  indicated  by  the  photograph  in  Figure  3.  The  extra  capsule  holders 
are  mounted  in  holes  drilled  at  an  angle  in  the  PMMA  holder  which  was  placed  in  front  of  the  donor  sphere. 


FIGURE  2.  CAPSULE  PLACEMENT  AROUND  PENTOLITE  SPHERE 
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FIGURE  3.  PLACEMENT  OF  NINE  TEST  SAMPLES  IN  UNFILLED  TANK 


Sample  Holder: 

The  Teflon  sample  holder  (capsule)  is  in  two  parts — a  cap  and  a  threaded  rod  (plug)  with  a  cavity  in  one  end 
to  accommodate  the  explosive  test  sample  (Figure  4).  A  1.6-mm-diameter  bleed  hole  is  located  at  the  end  of  the 
cavity  in  the  cap  to  permit  air  to  escape  when  the  threaded  plug  is  inserted  into  the  cap.  In  early  versions  of  the  test 
capsule,  the  plug  was  threaded  along  its  entire  length.  However,  the  plug  had  a  tendency  to  warp,  causing  it  to  bind 
while  being  screwed  into  the  cap.  This  made  it  difficult  to  know  if  the  explosive  specimen  was  properly  confined  with 
the  capsule.  As  a  consequence,  the  threaded  length  inside  the  cap  was  changed  to  19  mm  (17  mm  for  the  plug).  To 
seal  the  sample  after  assembly,  the  two  parts  of  the  capsule  originally  were  etched  chemically  to  permit  bonding  with 
special  epoxy.  Unfortunately,  the  bonding  was  so  strong  that  it  made  it  extremely  difficult  to  recover  the  test  sample. 
The  final  design  uses  the  19-mm-long  thread  without  cement.  A  pipe  thread  compound  containing  Teflon  is  used  to 
seal  the  threads.  After  assembly,  the  bleed  hole  is  plugged  with  Duxseal. 
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BLEED  HOLE 


DIMENSIONS  IN  MILLIMETERS 

A  50.8  E  5.2  (dia) 

B  21 .3  (dia)  F  0.89 

C  10.71(dia)  G  44.5 

0  6.4 

•SNUG  FIT 


FIGURE  4.  TEFLON  SAMPLE  CAPSULE: 
CAP  (TOP)  AND  THREADED  PLUG 


Support  Tube: 

The  steel  support  tube  is  bored  out  to  a  diameter  which  just  allows  the  sample  capsule  to  slide  within  the  tube. 
The  reamed  section  is  just  deep  enough  to  allow  the  capsule  to  be  pushed  in  flush  with  the  edge  of  the  steel  tube.  The 
capsule  is  held  in  place  by  the  close  fit.  The  steel  support  tube  has  several  2.4-mm  holes  drilled  in  the  side  along  its 
length  to  permit  water  to  fill  the  tube  completely.  A  PMMA  collar  can  be  made  so  that  the  steel  support  tube  can  be 
positioned  at  any  desired  angle.  The  steel  support  tube  arrangement  is  shown  in  Figure  5.  The  length  of  the  PMMA 
collar,  as  well  as  the  length  of  the  steel  tube,  can  be  such  that  considerable  flexibility  in  adjustment  is  possible. 
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FIGURE  5.  CAPSULE  HOLDER  ARRANGEMENT 


Reduction  of  Capsule  Damage: 

Although  a  number  of  improvements  in  the  recovery  system  were  made  during  the  development  period, 
damage  to  the  capsules  remained  excessive.  Toward  the  end  of  the  investigation,  it  was  suspected  that  the  impact 
of  the  tube  against  the  aluminum  frame  might  be  the  main  reason  for  the  excessive  damage.  Because  of  this,  holes 
were  cut  in  the  aluminum  frame  to  allow  the  steel  tube  to  slip  through  the  Plexiglas  collar  when  the  shock  impacted 
the  tube.  Relief  holes  in  the  aluminum  frame  can  be  seen  in  Figure  3.  This  apparently  solved  the  problem  since  all 
explosive  samples  were  successfully  recovered  after  this  alteration  was  made. 
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Shock  History  of  Recovered  Sample: 

The  UST  donor  used  in  the  recovery  system  subjects  the  explosive  samples  to  relatively  long  low-pressure 
shocks  of  spherical  geometry.  The  shock  duration  is  20  to  40  ps  in  the  water,  the  duration  increasing  with  distance 
from  the  donor.^  The  calibration  of  the  UST*,  i.e.,  the  peak  pressure  in  the  water,  P^,  as  a  function  of  distance  from 
the  donor  surface,  x,  is  given  in  Table  I.  The  distance  is  measured  along  an  imaginary  straight  line  extending  outward 
from  the  center  of  the  spherical  donor. 


TABLE  I.  CALIBRATION  OF  THE  UNDERWATER  SENSITIVITY  TEST 


[The  water  gap,  is  the  sum  of  a  number  in  the  first  column  and  a  number  in  the  first  row.  Pressures  in  kilobars.] 

4 - 1  ^  — i ^  . 1 - 1  I  - 1 - 1 . . 1 - j - r  ' 


Xw 

(mm) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

69.48 

65.53 

61.89 

58.53 

55.41 

52.53 

49,86 

47.38 

45.09 

42.95 

20 

40.96 

39.11 

37.38 

35.76 

34.25 

32.83 

31.51 

30.26 

29.09 

27.99 

30 

26.95 

25.98 

25.05 

24.18 

23.36 

22.58 

21.84 

21.14 

20.47 

19.84 

40 

19.24 

18.67 

18.12 

17.60 

17.11 

16.63 

16.18 

15.75 

15.33 

14.94 

50 

14.56 

14.20 

13.85 

13.51 

13.19 

12.88 

12.59 

12.30 

12.03 

11.76 

60 

11.51 

11.26 

11.02 

10.79 

10.57 

10.36 

10.15 

9.95 

9.76 

9.58 

70 

9.40 

9.22 

9.02 

8.89 

8.73 

8,57 

8.42 

8.28 

8.14 

8.00 

80 

7.87 

7.74 

7.61 

7.49 

7.37 

7.26 

7.15 

7.04 

6.93 

6.83 

90 

6.73 

6.63 

6.53 

6.44 

6.35 

6.26 

6,17 

6.09 

6.00 

5.92 

100 

5.84 

5.77 

5.69 

5.62 

5.55 

5,48 

5.41 

5.34 

5.27 

5.21 

110 

5.15 

5.08 

5.02 

4.96 

4.91 

4.85 

4.79 

4.74 

4.69 

4.63 

120 

4.58 

4.53 

4.48 

4.43 

4.39 

4.34 

4.29 

4.25 

4.21 

4.16 

130 

4.12 

4.08 

4.04 

4.00 

3.96 

3.92 

3.88 

3.84 

3.81 

3.77 

140 

3.73 

3.70 

3.67 

3.63 

3.60 

3.57 

3.53 

3.50 

3.47 

3.44 

150 

3.41 

3.38 

3.35 

3.32 

3.29 

3.27 

3.24 

3.21 

3.18 

3.16 

160 

3.13 

3.11 

3.08 

3.06 

3.03 

3.01 

2.98 

2.96 

2.94 

2.91 

170 

2.89 

2.87 

2.85 

2.83 

2.81 

2.78 

2.76 

2.74 

2.72 

2.70 

180  1 

2.68 

2.66 

2.65 

2.63 

2.61 

2.59 

2.57 

2.55 

2.54 

2.52 

190 

2.50 

2.48 

2.47 

2.45 

2.43 

2.42 

2.40 

2.39 

2.36 

2.35 

200  ■ 

2.34 

■ 

Highl>  instrumented  experiments  would  be  required  to  determine  the  shock  pressure-time  profile  of  the  small 
explosive  test  samples  to  an  uncertainty  of  ±5%.  A  second  approach  to  obtaining  the  stress-time  profiles  to 
uncertainties  of  ±  1 0°o  would  be  to  run  two-dimensional  hydrocodes.  Since  neither  of  the  above  approaches  have  been 
used,  all  that  can  reasonably  be  done  is  to  determine  the  peak  pressure  entering  the  test  samples  to  uncertainties  of 
±10%  and  shock  pulse  time  half-widths  to  ±20%  (see  Appendix  G  of  ref.  1). 

An  example  of  how  the  approximate  shock  history  in  an  explosive  sample  is  determined  is  as  follows.  First, 
the  peak  pressure  in  the  water,  taken  from  Table  I,  is  plotted  as  a  function  of  x,  as  in  Figure  6.  It  is  seen  that  the  peak 
pressure  of  the  spherical  shockwave  in  water  is  14.2  kbar  just  before  the  shock  front  contacts  the  center  of  the  flat 
surface  of  the  Teflon  capsule  at  Xj  =  50.8  mm.  This  stress  is  found  to  be  19.9  kbar  by  using  standard  impedance 
relations  and  is  shown  in  Figure  7  for  a  graphical  solution.  The  shock  impedance  relationships  (shock  velocity  versus 
particle  velocity)  for  water  and  Teflon  are  taken  from  ref  5  and  6  respectively.  The  peak  stress  entering  the  Teflon 
at  Xj  is  known  to  an  uncertainty  of  ±8%  according  to  standard  error  analysis'*.  Next,  the  stress  in  the  Teflon  capsule 
at  the  boundary  with  a  TATB  sample  prior  to  the  wave  entering  the  TATB,  X2  —  57.2  mm,  is  17.0  kbar  to  within 
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±10%.  It  is  assumed  that  the  decay  of  the  peak  pressure  through  6.4  mm  of  Teflon  is  proportional  to  the  decay  of 
pressure  through  an  equivalent  distance  in  water,  as  demonstrated  in  Figure  6.  Finally,  the  peak  pressure  entering  the 
TATB  sample,  19.0  kbar  ±  15%,  is  determined  by  using  the  unreacted  shock  impedance  relation  for  TATB.^ 


FIGURE  6.  METHOD  OF  DETERMINING  THE  PEAK  STRESS 
RESEARCHING  TO  TEFLON  AND  TATB 
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u  (mm/)xs) 

FIGURE  7.  GRAPHIC  METHOD  OF  DETERMINING  PRESSURES  TRANSMITTED 
TO  THE  TEFLON  CAPSULE  AND  TATB  SAMPLE 


Since  the  Teflon  and  the  explosive  have  about  the  same  shock  impedance,  the  shape  of  the  stress-time  pulse 
at  the  center  line  of  the  small  sample  (0.9  mm  thick  by  5  mm  diameter)  is  primarily  limited  by  the  relief  waves 
originating  from  the  Teflon  capsules.  Assuming  the  pressure  pulse  half-width  is  about  equal  to  the  time  of  travel  of 
the  relief  wave  from  the  outer  radial  edge  to  the  center  of  the  Teflon  holder  gives  a  pulse  half-width  of  about  5.3  ps 
(i.e.~  10.6  mm/[2  mm/ps]). 
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RESULTS 

In  Table  II  are  the  results  of  the  recovery  experiments  done  to  date.  A  number  of  papers  reported  the  chemical 
and  physical  changes  found  in  some  of  the  samples  in  the  table  that  were  shocked  to  threshold  pressures.^’^’^®’^^  In 
recovered  shocked  TATB,  sub-micron  ragged  holes  were  found,  accompanied  by  a  fine  deposit  of  furoxan  and 
furazan  derivative  of  TATB.  Since  the  furoxans  are  more  sensitive  than  TATB,  this  alteration  of  the  molecule 
provides  a  chemical  basis  of  hotspot  formation  and  sensitization  of  the  explosive.  The  furazans  are  produced  by  the 
formation  of  a  water  molecule  and  identified  as  the  first  of  the  exothermic  steps  in  the  decomposition  reaction  of  the 
molecule.  In  RDX  and  HMX,  the  products  generated  by  shock  compression  are  mostly  volatile.  Analysis  of  the 
recovered  nitramine  material  observed  a  loss  of  nitro  functional  groups.  In  HMX  subjected  to  an  underwater  shock, 
a  1 6%  loss  of  nitro  groups  was  observed. 


TABLE  II.  RESULTS  OF  RECOVERY  EXPERIMENTS 


Experiment 

No.^ 

Sample 

Distance  capsule 
is  from  sphere 
(mm) 

Pressure 
in  Teflon 
(Kbar) 

Results 

83-77A 

TATB 

135 

4.9 

Sample  reacted,  no  recovery 

83-79 

TATB 

125 

5.5 

Sample  recovered 

83-81 

TATB(A) 

76 

10.3 

Sample  recovered 

TATB(B) 

64 

13.1 

Sample  recovered 

TATB(C) 

57 

14.9 

Sample  recovered 

TATB(D) 

51 

17.3 

Sample  recovered 

88-665 

HMX(A) 

159 

4.2 

Sample  recovered,  three  pieces  found 

HMXIB) 

182 

3.5 

Sample  recovered,  three  pieces  found 

HMX(C) 

129 

5.1 

Sample  recovered,  three  pieces  found 

HMX(D) 

130 

5.1 

Two  pieces  found 

NTO(E) 

67 

12.4 

Sample  recovered  intact 

NTO(F) 

49 

18.1 

Sample  recovered  intact 

92-R1 

TNT{I) 

100 

7.4 

Sample  recovered 

TNT(ll) 

120 

5.7 

Sample  recovered 

TATBdll) 

50 

17.7 

Sample  recovered 

TATB(IV) 

40 

22.8 

Sample  recovered 

RDX  crystals(Vl) 

50 

17.7 

End  blown  off  capsule,  small  parts  of  crystals  found 

RDX  crystals(VII) 

40 

22.8 

End  blown  off  capsule,  no  recovery 

CL20/Oil(Vlll) 

100 

7.4 

Capsule  recovered,  soot  around  air  hole,  residue  found 

CL20/OiI(IX) 

150 

4.5 

Capsule  recovered,  soot  around  air  hole,  residue  found 

^TATB,  TNT,  NTO,  and  HMX  samples  were  pressed  to  95%  to  97%  theoretical  maximum  density. 
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SUMMARY 


A  technique  has  been  developed  to  recover  explosives  undergoing  stresses  as  high  as  26  kbar.  Physical 
(microscopic)  and  chemical  examination  of  recovered  explosives  has  led  to  the  discovery  of  new  chemical  reactions 
occurring  in  these  explosives. 

Improved  understanding  of  this  recovery  technique  results  requires  two-dimensional  hydrocode  calculations. 
These  calculations  will  also  give  guidance  for  future  improvements  of  this  recovery  technique.  One  obvious 
improvement  would  be  to  replace  the  steel  capsule  holders  with  plastic  ones  to  reduce  the  impedance  mismatch 
between  the  capsule  holders  and  the  Teflon  capsules. 
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NAVAL  SURFACE  WARFARE  CENTER 

CRANE  DIVISION 

ATTN  CODE  3031  (E  NEAL) 

CRANE  IN  47522-5001  1 
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COMMANDING  OFFICER 

NAVAL  SURFACE  WARFARE  CENTER 

CRANE  DIVISION 

ATTN  CODE  SOD  (A  NORRIS) 

CRANE  IN  47522-5001  1 

COMMANDING  OFFICER 

NAVAL  SURFACE  WARFARE  CENTER 

CRANE  DIVISION 

ATTN  CODE  505  (J  SHORT) 

CRANE  IN  47522-5001  1 

COMMANDING  OFFICER 

NAVAL  SURFACE  WARFARE  CENTER 

CRANE  DIVISION 

ATTN  CODE  90  (A  WHITNER) 

CRANE  IN  47522-5001  1 

COMMANDING  OFFICER 

NAVAL  SURFACE  WARFARE  CENTER 

CRANE  DIVISION 

ATTN  CODE  PM  412  (M  TILL) 

CRANE  IN  47522-5001  1 

COMMANDING  OFFICER 

NAVAL  SURFACE  WARFARE  CENTER 

CRANE  DIVISION 

ATTN  CODEPM413  (LMASSA) 

CRANE  IN  47522-5001  1 

COMMANDER 

NAVAL  COM  AND  CONTROL  OCEAN 
SURVELLIANCE  CENTER 
ATTN  TECHNICAL  LIBRARY 
SAN  DIEGO  CA  92152-5000  1 

COMMANDER 

PACIFIC  MISSILE  TEST  CENTER 
ATTO  CODE  2145 

POINT  MUGU  CA  93042  1 

SUPERINTENDENT 

NAVAL  POSTGRADUATE  SCHOOL 

ATTN  LIBRARY 

MONTEREY  CA  93940  1 


PRESIDENT 

NAVAL  WAR  COLLEGE 

ATTN  TECHNICAL  LIBRARY 

NEWPORT  RI  02841  1 

COMMANDING  OFFICE 
SEAL  TEAM  2 

FPOAE  09510-4633  1 

COMMANDER 

US  ARMY  MISSILE  COMMAND 
ATTN  AMSMI  RD  ST  WF  (LOVELACE) 
REDSTONE  ARSENAL  AL  35898-5247  1 

DIRECTOR 

ARMY  MATERIALS  SYSTEMS 
ANALYSIS  AGENCY 
ATTN  DRXSYD 

ABERDEEN  PROVING  GROUND  MD  2 1 005  1 

DIRECTOR 

ARMY  MATERIALS  SYSTEMS 
ANALYSIS  AGENCY 
ATTN  DRXSY  J  (J  MCCARTHY) 

ABERDEEN  PROVING  GROUND  MD  2 1 005  1 

DIRECTOR 

USARL 

ATTN  RFREY 

ABERDEEN  PROVING  GROUND  MD  21005  1 

DIRECTOR 

USARL 

ATTN  F  GRACE 

ABERDEEN  PROVING  GROUND  MD  2 1 005  1 

DIRECTOR 

USARL 

ATTN  W  HILLSTROM 

ABERDEEN  PROVING  GROUND  MD  21005  1 

DIRECTOR 

USARL 

ATTN  R  JAMIESON 

ABERDEEN  PROVING  GROUND  MD  2 1 005  1 
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DIRECTOR 

USARL 

ATTN  JSTARKENBERG 

ABERDEEN  PROVING  GROUND  MD  21005  1 

DIRECTOR 

USARL 

ATTN  LVANDEKJEFT 

ABERDEEN  PROVING  GROUND  MD  21005  1 

DIRECTOR 

USARL 

ATTN  W  WALTERS 

ABERDEEN  PROVING  GROUND  MD  21005  1 

DIRECTOR 

USARL 

ATTN  TECHNICAL  LIBRARY 

ABERDEEN  PROVING  GROUND  MD  21005  1 

DIRECTOR 

USARL 

ATTN  STINFO  OFFICE 

ABERDEEN  PROVING  GROUND  MD  21005  1 

US  ARMY  LABORATORY  COMMAND 

ATTN  AMSLCTD 

2800  POWDER  MILL  ROAD 

ADELPHIMD  20783-1145  1 

SANDIA  NATIONAL  LABORATORY 
ATTN  E  AUSTIN  TECH  LIBRARY 
REPORTS  RECEIVING  CLERK 
PO  BOX  5800 

ALBUQUERQUE  NM  87185  1 

COMMANDER 

US  ARMY  ARMAMENT  RESEARCH 
DEVELOPMENT  AND  ENG  CENTER 
ATTN  DRSMCTD 

DOVER  NJ  07806-5000  1 

COMMANDER 

US  ARMY  ARMAMENT  RESEARCH 
DEVELOPMENT  AND  ENG  CENTER 
ATTN  DDRSMCLCE 

DOVER  NJ  07806-5000  2 


COMMANDER 

US  ARMY  ARMAMENT  RESEARCH 
DEVELOPMENT  AND  ENG  CENTER 
ATTN  DRDSMC  LCE  (E  BAKER) 

DOVER  NJ  07806-5000  1 

COMMANDER 

US  ARMY  ARMAMENT  RESEARCH 
DEVELOPMENT  AND  ENG  CENTER 
ATTN  DRSMC  LCE  C 

DOVER  NJ  07806-5000  1 

COMMANDER 

US  ARMY  ARMAMENT  RESEARCH 
DEVELOPMENT  AND  ENG  CENTER 
ATTN  DRSMC  LCE  D 

DOVER  NJ  07806-5000  2 

COMMANDER 

US  ARMY  ARMAMENT  RESEARCH 
DEVELOPMENT  AND  ENG  CENTER 
ATTN  DRSMC  LCM 

DOVER  NJ  07806-5000  2 

COMMANDER 

US  ARMY  ARMAMENT  RESEARCH 
DEVELOPMENT  AND  ENG  CENTER 
ATTN  DRSMC  LCM  SA  (R  WESTERDAHL) 
DOVER  NJ  07806-5000  1 

COMMANDER 

US  ARMY  ARMAMENT  RESEARCH 
DEVELOPMENT  AND  ENG  CENTER 
ATTN  DRSMC  LCU 

DOVER  NJ  07806-5000  2 

COMMANDER 

US  ARMY  ARMAMENT  RESEARCH 
DEVELOPMENT  AND  ENG  CENTER 
ATTN  DRSMC  LCU  E 

DOVER  NJ  07806-5000  1 

COMMANDER 

US  ARMY  ARMAMENT  RESEARCH 
DEVELOPMENT  AND  ENG  CENTER 
ATTN  AMSTA-AR-QAS 

DOVER  NJ  07806-5000  1 
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COMMANDER 

US  ARMY  ARMAMENT  RESEARCH 
DEVELOPMENT  AND  ENG  CENTER 
ATTN  AMSTA-AR-AEE-WE 
DOVER  NJ  07806-5000  1 

COMMANDER 

US  ARMY  RESEARCH  OFFICE 
ATTN  G  R  HUSK 
PO  BOX  12211 

RESEARCH  TRIANGLE  PARK  NC  27709-2211  1 
COMMANDER 

AIR  FORCE  OFF  OF  SCIENTIFIC  RESEARCH 
ATTN  TMATUSKO 
BOLLING  AIR  FORCE  BASE 
WASHINGTON  DC  20332  1 

AIR  FORCE  INTELLIGENCE  SERVICE 
ATTN  AFIS  INTAW  (MAJ  RESAW) 

BOLLING  AIR  FORCE  BASE 
WASHINGTON  DC  20332-5000  1 

COMMANDER 

AIR  FORCE  ASTRONAUTICS  LABORATORY 
ATAL  MKPL 
ATTN  C  MERRILL 

EDWARDS  AFB  CA  93521  1 

COMMANDER 

AIR  FORCE  ASTRONAUTICS  LABORATORY 
ATAL  MKPL 
ATTN  F  ROBERTO 

EDWARDS  AFB  CA  93521  1 

DEPT  OF  INTERIOR  BUREAU  OF  MINES 

PITTSBURGH  RESEARCH  CENTER 

ATTN  R  WATSON 

COCHRANS  MILL  ROAD 

PITTSBURGH  PA  15236-00700  1 

COMMANDER 
AFATL  MN 

ATTN  WLMNMF(RBOULET) 

EGLIN  AFB  FL  32542-5434  1 


COMMANDER 
AFATL  MN 

ATTN  MNMF  (R  ERHART) 

EGLIN  AFB  FL  32542-5434  1 

COMMANDER 
AFATL  MN 

ATTN  AFDTC/SES  (J  MITCHELL) 

EGLIN  AFB  FL  32542-5434  1 

COMMANDER 
AFATL  MN 

ATTN  WL  MNMW  (E  POSTON) 

EGLIN  AFB  FL  32542-5434  1 

COMMANDER 
AFATL  MN 

ATTN  WL  MNME  (S  AUBERT) 

EGLIN  AFB  FL  32542-5434  1 

COMMANDER 
AFATL  MN 

ATTN  WL  MNME  (J  CORLEY) 

EGLIN  AFB  FL  32542-5434  1 

COMMANDER 
AFATL  MN 

ATTN  WL  MNME  (G  GLENN) 

EGLIN  AFB  FL  32542-5434  1 

COMMANDER 
AFATL  MN 

ATTN  WLMNME(RMCKENNEY 

EGLIN  AFB  FL  32542-5434  1 

COMMANDER 
AFATL  MN 

ATTN  WL  MNME  (S  STRUCK) 

EGLIN  AFB  FL  32542-5434  1 

COMMANDER 
AFATL  MN 

ATTN  WL  MNME  (G  PARSONS) 

EGLIN  AFB  FL  32542-5434  1 
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COMMANDER 
AFATL  MN 

ATTN  MSD  SES  (F  WEST) 

EGLIN  AFB  FL  32542-5434  1 

COMMANDER 
AFATL  MN 

ATTN  MSD  XRS  (J  JENNS  JR) 

EGLIN  AFB  FL  32542-5434  1 

LFNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  H  JEAN  HIGHBY  (L53) 

PO  BOX  808 

LIVERMORE  CA  94550  1 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  R  ATKINS  (EMC  DIRECTOR) 

PO  BOX  808 

LIVERMORE  CA  94550  1 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  KBAHL 
PO  BOX  808 

LIVERMORE  CA  94550  1 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  P  CRAWFORD 
PO  BOX  808 

LIVERMORE  CA  94550  1 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  L  GREEN 
PO  BOX  808 

LIVERMORE  CA  94550  1 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  A  FRANCK 
PO  BOX  808 

LIVERMORE  CA  94550  1 


UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  F  FOLTZ 
PO  BOX  808 

LIVERMORE  CA  94550  1 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  J  HUMPHREY 
PO  BOX  808 

LIVERMORE  CA  94550  1 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  JMAIENSCHEIN 
PO  BOX  808 

LIVERMORE  CA  94550  1 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  ANICHOL 
PO  BOX  808 

LIVERMORE  CA  94550  1 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  K  SCRIBNER 
PO  BOX  808 

LIVERMORE  CA  94550  1 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  C  SOUERS 
PO  BOX  808 

LIVERMORE  CA  94550  1 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  R  SIMPSON 
PO  BOX  808 

LIVERMORE  CA  94550  1 
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UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  WTAO 
PO  BOX  808 

LIVERMORE  CA  94550  1 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  C TARVER 
PO  BOX  808 

LIVERMORE  CA  94550  1 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  P  URTIEW 
PO  BOX  808 

LIVERMORE  CA  94550  1 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  R  WEINGART 
PO  BOX  808 

LIVERMORE  CA  94550  1 

SANDIA  NATIONAL  LABORATORY 
ATTN  TECH  LIBRARY  (DARLENE  M  LOLL) 
PO  BOX  969 

LIVERMORE  CA  94550-0096  1 

APPLIED  RESEARCH  LABORATORY 

PENNSYLVANIA  STATE  UNIVERSITY 

ATTN  LIBRARIAN 

PO  BOX  30  UNIVERSITY  PARK 

STATE  COLLEGE  PA  16804  1 

APPLIED  RESEARCH  LABORATORY 

PENNSYLVANIA  STATE  UNIVERSITY 

ATIN  ELISZKA 

PO  BOX  30  UNIVERSITY  PARK 

STATE  COLLEGE  PA  16804  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  M8 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 


LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  MSTDOMSG756 
POBOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  B  ASAY 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  J  BDZIL 
POBOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  A  BOWMAN 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  G  BUNTAIN 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  L  CHAPMAN 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  M  COBURN 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  J  DAVIS 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  J  DICK 
POBOX  1663 

LOS  ALAMOS  NM  87545  1 
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LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  B  DOBRATZ 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  C  FOREST 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  J  GOFORTH 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  J  HOPSON 
POBOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  P  HOWE 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  J  N  JOHNSON 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  J  KENNEDY 
POBOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  W  MAL'TZ 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  S  PETERSON 
POBOX  1663 

LOS  ALAMOS  NM  87545  1 


LOS  ALAMOS  NATIONAL  LABORATORY 

ATTNRRABIE 

PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  J  REPA 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  S  SHEFFIELD 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  L  STRETZ 
POBOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  PTANG 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  DIDAR 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

LOS  ALAMOS  NATIONAL  LABORATORY 
ATTN  EFERM 
PO  BOX  1663 

LOS  ALAMOS  NM  87545  1 

THE  JOHNS  HOPKINS  UNIVERSITY 

APP  PHYSICS  LAB  PROP  INFOR  AGCY 

ATTN  TW  CHRISTIAN 

JOHNS  HOPKINS  ROAD 

LAUREL  MD  20707-6099  1 

JOHNS  HOPKINS  UNIVERSITY 

APPLIED  PHYSICS  LABORATORY 

ATTN  TECH  LIBRARY  (DEANNA  JONES) 

JOHNS  HOPKINS  ROAD 

LAUREL  MD  20707-6099  1 
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N  M  INSTITUTE  OF  MINING  TECHNOLOGY 
ATTN  SECURITY  ADMINISTRATOR 
(ELIZABETH  A  TILL) 

CAMPUS  STATION 

SOCORRO  NM  87801  1 

N  M  INSTITUTE  OF  MINING  TECHNOLOGY 
ATTN  CODE  TERA  (M  KEMPTON) 

CAMPUS  STATION 

SOCORRO  NM  87801  1 

N  M  INSTITUTE  OF  MINING  TECHNOLOGY 
ATTN  CODE  CETR  (T  JOYNER) 

CAMPUS  STATION 

SOCORRO  NM  87801  1 

N  M  INSTITUTE  OF  MINING  TECHNOLOGY 
ATIN  CODE  CETR  (P  PERSSON) 

CAMPUS  STATION 

SOCORRO  NM  87801  1 

AEROJET  ORDNANCE  AND 
MANUFACTURING  COMPANY 
ATTN  GCHIN 
9236  EAST  HALL  ROAD 

DOWNEY  C A  90241  1 

ATLANTIC  RESEARCH  CORPORATION 
ATTN  KENNETH  GRAHAM 
5945  WELLINGTON  ROAD 
GAINESVILLE  VA  22055-1699  1 

AVCO  TECHTRON  SYSTEMS  INC 
ATTN  FLASCHER 
201  LOWELL  STREET 

WILMINGTON  MA  01887  1 

AVCO  TECHTRON  SYSTEMS  INC 
ATTO  EMOULIC 
201  LOWELL  STREET 

WILMINGTON  MA  01887  1 

BATELLE  MEMORIAL  LABORATORY 
TACTICAL  TECHNOLOGY  CENTER 
ATTN  JOSEPHINE  HOGGINGS 
505  KING  AVENUE 

COLUMBUS  OH  43201  1 


BOEING  AEROSPACE  COMPANY 
ATTN  E  WILHELM 
PO  BOX  3707 

SEATTLE  WA  98124  1 

BOEING  AEROSPACE  COMPANY 
ATTN  RHELZER 
PO  BOX  3707 

SEATTLE  WA  98124  1 

COMARCO  INC 

WEAPON  SUPPORT  DIVISION 

ATTN  R  SEWELL 

RIDGECREST  CA  1 

CHAMBERLAIN  MFG  CORP 
ATTN  JMOSCHEL 
550  ESTHER  STREET 

WATERLOO  lA  50704-2524  1 

CHAMBERLAIN  MFG  CORP 
ATTN  C  STROSBERG 
550  ESTHER  STREET 

WATERLOO  lA  50704-2524  1 

CHAMBERLAIN  MFG  CORP 

ATTN  J  MEIER 

550  ESTHER  STREET 

WATERLOO  lA  50704-2524  1 

CHAMBERLAIN  MFG  CORP 
ATTN  MBRAMMER 
550  ESTHER  STREET 

WATERLOO  lA  50704-2524  1 

DYNA  EAST  CORPORATION 
ATTN  RWEST 
320  ARCH  STREET 

PHILADELPHIA  PA  19104-2588  1 

DYNA  EAST  CORPORATION 
ATTN  PCHOU 
320  ARCH  STREET 

PHILADELPHIA  PA  19104-2588  1 
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FORD  AEROSPACE  AND  COMM  CORP 

AERONAUTRONIC  DIVISION 

ATIN  SAM  MIGUEL 

FORD  ROAD  JAMBOREE 

NEWPORT  BEACH  CA  92658-9983  1 

HERCULES  INCORPORATED  ROCKET  CEN 
ATTN  G  WILLIAMS 
PO  BOX  210 

ROCKET  CENTER  WV  26726  1 

HERCULES 
BACCHUS  WORKS 
ATTN  MKLAKKEN 

MAGNA  UT  84044  1 

HERCULES 
BACCHUS  WORKS 
ATTN  M  BERGER 

MAGNA  UT  84044  1 

HERCULES 
BACCHUS  WORKS 
ATTN  G  BUTCHER 

MAGNA  UT  84044  1 

HERCULES 
BACCHUS  WORKS 
ATTN  LLOSEE 

MAGNA  UT  84044  1 

HERCULES 
BACCHUS  WORKS 
ATTN  T  SPEED 

MAGNA  UT  84044  1 

HUGHES  AIRCRAFT  INC 

MISSILE  SYSTEMS  GROUP 

ATTN  L  WEBER 

8433  FALLBROOK  AVENUE 

CANOGAPARKCA  91304-9976  1 

KAMAN  SCIENCES  CORP 
ATTN  TIMOTHY  PENDERGRASS 
600  BLVD  SOUTH  SUITE  208 
HUNTSVILLE  AL  35802  1 


D  R  KENNEDY  ASSOCIATES 
PO  BOX  4003 

MOUNTAIN  VIEW  CA  94040  I 

RADKOWKSI  ASSOCIATES 
P  O  BOX  5474 

RIVERSIDE  CA  92517  1 

KORNHAUSER  CONSULTING 
SERVICES 

620  ARGYLE  AVENUE 

WYNNEWOODPA  19096  1 

LOCKHEED  MISSILES  &  SPACE  CO 
ATTN  R  HODGES 
PO  BOX  504 

SUNNYVALE  CA  94086  1 

LOCKHEED  MISSILES  &  SPACE  CO 
ATTN  J  SMITH 
PO  BOX  504 

SUNNYVALE  CA  94086  1 


LTV  AEROSPACE  &  DEFENSE  CO 
LTV  AEROSPACE  PRODUCTS  GROUP 
ATTN  J  FLOWERS 
PO  BOX  655907 

DALLAS  TX  95265-5907  1 

MARTIN  MARIETTA  CORPORATION 
ORLANDO  AEROSPACE  MISSILE  SYS 
ATTN  H  FUEHRER 
PO  BOX  555837 

ORLANDO  FL  32855  1 

ORLANDO  TECHNOLOGY  INC 
ATTN  T  KITCHEN 
PO  BOX  855 

SHALIMARFL  32579  1 

RAYTHEON  COMPANY 
ATTN  WZARR 
HARTWELL  ROAD 

BEDFORD  MA  01730  1 
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S CUBED 

A  DIVISION  OF  MAXWELL  LABS  INC 
ATIN  R  SEDGWICK 
PO  BOX  1620 

LAJOLLACA  92038  1 

ALLIANT  TECHSYSTEMS  INC 

ATTN  K  L  CHRISTIANSON 

7225  NORTHLAND  DRIVE 

BROOKLYN  PARK  MN  55428  1 

ALLIANT  TECHSYSTEMS  INC 

ATTN  J  L  HOULTON 

7225  NORTHLAND  DRIVE 

BROOKLYN  PARK  MN  55428  1 

ALLIANT  TECHSYSTEMS  INC 

ATTN  G  JOHNSON 

7225  NORTHLAND  DRIVE 

BROOKLYN  PARK  MN  55428  1 

SOUTHWEST  RESEARCH  INSTITUTE 
ATTN  C  ANDERSON 
PO  DRAWER  285 10 

SAN  ANTONIO  TX  78284  1 

SOUTHWEST  RESEARCH  INSTITUTE 
ATTN  HGRYTING 
PO  DRAWER  285 10 

SAN  ANTONIO  TX  78284  1 

SOUTHWEST  RESEARCH  INSTITUTE 
ATTN  AWENTZEL 
PO  DRAWER  285 10 

SAN  ANTONIO  TX  78284  1 

SRI  INTERATIONAL 

ATTN  D  SHERWOOD 

333  RAVENSWOOD  AVENUE 

MENLO  PARK  CA  94025  1 

SRI  INTERATIONAL 

ATTN  M  COWPERTHA WAITE 

333  RAVENSWOOD  AVENUE 

MENLO  PARK  CA  94025  1 


TELEDYNE  BROWN  ENGINEERING 
ATTN  L  WEBER 
PO  BOX  070007 

HUNTSVILLE  AL  35807  1 

TELEDYNE  BROWN  ENGINEERING 
ATTN  JNEWQUIST 
PO  BOX  070007 

HUNTSVILLE  AL  35807  1 

TRW 

ATTN  R  CHURCH 

SANBERNADINOCA  92401  1 

UNIVERSITY  OF  DENVER 
COLORADO  SEMINARY 
ATTN  G  WEEDING 
PO  BOX  10758 

DENVER  CO  80210  1 

VANDERBILT  UNIVERSITY 
ATTN  AMELLOR 

NASHVILLE  TN  37235  1 

ZERNOW  TECHNICAL  SERVICES  INC 
ATTN  L  ZERNOW 
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